Posterior parietal cortex is active during episodic memory retrieval, yet its role remains unclear. According to a recent proposal, dorsal parietal cortex (DPC) allocates top-down attention to memory retrieval, whereas ventral parietal cortex (VPC) mediates the bottom-up attentional capture by retrieved contents, i.e., the Attention-to-Memory (AtoM) hypothesis. Here, for the first time, functional magnetic resonance imaging (fMRI) and lesion techniques were combined in a single study to test the role of parietal cortex in episodic retrieval. Participants studied word pairs and then detected studied (target) words among new words. In some conditions, a studied word cued the upcoming target word, facilitating recognition performance. In line with the AtoM hypothesis, left DPC was engaged when participants searched for/anticipated memory targets upon presentation of relevant memory cues and predicted the ensuing behavioral advantage. In contrast, left VPC predicted efficacy and speed of target detection on noncued trials and was largest for memory targets that were invalidly cued. Consistent with fMRI evidence, patients with lesions in DPC did not benefit from memory cueing, whereas patients with lesions in VPC had problems recognizing unexpected memory targets. These results support the AtoM hypothesis that DPC and VPC mediate top-down and bottom-up attention to memory retrieval, respectively.
Introduction
Recent neuroimaging studies (Wagner et al., 2005; Cabeza, 2008; Ciaramelli et al., 2008; Vilberg and Rugg, 2008) have shown that posterior parietal cortex (PPC) is more active for correctly recognized items than for correctly rejected items, suggesting PPC is implicated in episodic retrieval. PPC, however, is not conventionally associated with memory, primarily because patients with lesions in PPC do not show dramatic memory problems (Luria, 1976) . Whether PPC has a crucial role during retrieval and what this role might be are still under debate.
The PPC is known to support attentional processes (Posner and Petersen, 1990) and also might provide "attentional support" to memory retrieval (Wagner et al., 2005) . One proposal is the Attention-to-Memory (AtoM) hypothesis Ciaramelli et al., 2008) . The AtoM hypothesis makes a distinction between the mnemonic roles of dorsal parietal cortex (DPC) and ventral parietal cortex (VPC) based on the differential roles these regions play in attention. The DPC is thought to mediate topdown attention, which enables selection of stimuli based on internal goals, whereas VPC mediates bottom-up attention, which enables detection of relevant stimuli (Marois et al., 2000; Corbetta and Shulman, 2002) . Consistently, in a "Posner" paradigm, DPC was maximally engaged during the cue period, when participants searched for a target, whereas VPC was exclusively engaged during target detection (Corbetta et al., 2000) . Moreover, regions in VPC were found to respond more strongly to targets that were invalidly compared with validly cued, consistent with the view that this region mediates reorienting of attention toward unexpected targets (Corbetta et al., 2000) . When an important stimulus appears outside the current focus of attention, VPC may function as a switch or resetting mechanism that promotes a shift in the locus of attention, thus enabling detection of relevant (yet previously unattended) stimulation (Corbetta et al., 2008 , Shulman et al., 2009 . Indeed, patients with hemispatial neglect following right VPC lesions are disproportionately impaired at detecting contralesional targets after invalid cueing (Friedrich et al., 1998) .
According to the AtoM hypothesis, DPC and VPC serve roles in memory retrieval analogous to those they play in attention: DPC would mediate the allocation of attentional resources to memory retrieval (top-down AtoM). Processing in DPC, therefore, is expected to be prominent when retrieval relies on controlled operations, such as memory search. VPC, on the other hand, would mediate the bottom-up capture of attention by retrieved contents. Processing in VPC, therefore, is expected to be maximal when memory contents are retrieved spontaneously and rapidly. Although recent reviews of recognition memory studies have provided support for the AtoM hypothesis by show-ing that effects related to top-down and bottom-up AtoM tend to localize in DPC and VPC, respectively Ciaramelli et al., 2008; Hutchinson et al., 2009) , no study has provided experimental data differentiating the neural activity related to top-down and bottom-up AtoM within the same paradigm.
We conducted a functional magnetic resonance imaging (fMRI) and a neuropsychological study using a "Posner-like" recognition paradigm. After studying word pairs, participants classified single words as studied or new. To-be-recognized words could be "cued" by an old word, a new word, or a meaningless stimulus. Most old word cues preceded the word with which they were paired at study, facilitating recognition. Appearance of an old word cue, therefore, encouraged participants to search for its original associate to anticipate the upcoming memory target. If DPC is related to top-down AtoM, then DPC activity should be stronger when participants searched for/anticipated upcoming targets upon presentation of relevant cues than when no cue was provided. Moreover, patients with lesions in DPC should not benefit from valid memory cueing. On the other hand, if VPC is related to bottom-up AtoM, then VPC activity should predict recognition accuracy and speed on noncued trials and be larger for memory targets that were invalidly compared with validly cued. Moreover, patients with lesions in VPC should have problems detecting memory targets, especially if invalidly cued.
Materials and Methods

fMRI study
Participants. Fourteen young adults (10 females; age range 20 -33, mean age 26 years) participated in the fMRI study. All participants were healthy, right-handed, native English speakers with no psychiatric or neurological history. They gave informed consent for the study, which was approved by the ethics committee of the Rotman Research Institute (Toronto, Canada) .
Stimuli and procedure. Four hundred and eighty words (mean frequency ϭ 36.6, SD ϭ 34.9), between four and eight letters long, were selected from the Kucera and Francis (1967) pool. Words were randomly assigned to one of the eight runs composing the experimental paradigm. Within each run, 42 of the 60 words were selected randomly to form the study pairs. The other 18 words were not studied but served as distracters or nonstudied cues in the test phase.
The task consisted of eight runs. Each run involved a study phase and a cued recognition phase. At study, participants viewed 21 word pairs and, for each pair, were instructed to form a sentence that included both words. Each pair was presented for 3 s followed by a fixation cross, which was presented for 500 ms. A cued recognition memory phase, which consisted of 30 trials, followed immediately afterward. The beginning of each trial was signaled by a fixation cross that stayed in the center of the screen for 500 ms. A cue stimulus was then presented in the center of the screen for 1900 ms. The cue stimulus could be a studied word (i.e., the word on the left of a studied pair), a new word, or a meaningless stimulus (i.e., @@@@). After a 100 ms delay, a target word appeared in the middle of the screen for 500 ms. The target word could be a studied word (i.e., the word on the right of a studied pair) or a new word.
Participants were instructed to maintain attention in the middle of the screen, where the cue stimulus appeared, wait for the appearance of the target word, and then decide, as quickly and as accurately as possible, whether the target word was old or new. It was emphasized to subjects that they had to respond to the episodic status of the target word only, although consideration of the cue stimulus could be beneficial to performance. Subjects responded by pressing one of two keys, located on an MRI-compatible response pad, with their right (dominant) hand according to whether they judged the target word to be old or new. The 2 s interval between appearance of the cue and presentation of the target was chosen because testing with another cohort using the same material revealed that subjects need ϳ2 s to recall the original associate of a cue.
Therefore, a cue-target interval of 2 s maximized the duration of memory search per trial while assuring that brain activity during the cue phase was mainly related to memory search/anticipation of the upcoming target and not to the maintenance of mnemonic expectations in working memory until presentation of the target. An intertrial interval (ITI) ranging from 0 to 4 s was interspersed across test trials to "jitter" the onset times of trials and allow for event-related fMRI analyses. Figure 1 illustrates the experimental paradigm.
As shown in Figure 1 , the experimental paradigm involved seven types of trial determined by the nature of the target and the cue. In four types of trial, the target was a studied word. A studied target word could be preceded by the following: (1) an old word, the one with which the target was paired at study (i.e., "Intact" trial; six trials per run); (2) an old word, one that was not paired with the target word at study (i.e., "Recombined" trial; three trials per run); (3) a new word (i.e., "NewOld" trial; six trials per run); or (4) a meaningless stimulus (i.e., "NoOld" trial; six trials per run). In the remaining three types of trial, the target was a new word. A new target word could be preceded by the following: (1) a studied word (i.e., "OldNew" trial; three trials per run); (2) a new word (i.e., "NewNew" trial; three trials per run); or (3) a meaningless stimulus (i.e., "NoNew" trial; three trials per run).
We expected that when the cue was an old word, participants would search for its original associate to anticipate the upcoming target. Retrieving that cue word A was studied with word B would make it relatively easy to decide that B is a studied word when it is presented as the target stimulus (i.e., Intact condition). To encourage participants to initiate retrieval attempts upon presentation of old word cues, these were made valid. That is, the frequency with which old word cues preceded their original associate (Intact condition) compared with another studied word (Recombined condition) was 2:1. In contrast, no search activity should be triggered by meaningless cues or by new word cues that, because of their low familiarity in the experimental context, were not perceived as useful links to the study phase. In the Recombined condition, memory search is engaged but the resulting advance information is not useful for the recognition task. Thus, participants should be more efficient at recognizing studied words in the Intact compared with the NoOld, NewOld, and Recombined conditions. fMRI data acquisition. Images were acquired at Baycrest Hospital (Toronto, Canada) on a 3 tesla Siemens Magnetom Trio whole-body scanner with a matrix 12 channel head coil. Functional volumes were obtained using a whole-head T 2 *-weighted echo-planar image (EPI) sequence [repetition time (T R ): 2 s; echo time (T E ): 30 ms; flip angle: 70°; 28 oblique axial slices with interleaved acquisition; 3.1 ϫ 3.1 ϫ 5 mm voxel resolution; field of view (FOV): 20 cm; acquisition matrix: 64 ϫ 64]. Physiological data (heart and respiration rates) were acquired during the scanning session. Anatomical images were acquired using a MP-RAGE sequence (T R : 2 s; T E : 2.63 s; 160 oblique axial slices with a 1 mm 3 voxel size; FOV: 25.6 cm; acquisition matrix: 256 ϫ 256).
fMRI data analysis. Although scanning took place during both encoding and retrieval, the present study focuses on fMRI data collected at retrieval. The fMRI data were processed using the Analysis of Functional NeuroImages (AFNI) software (Cox, 1996) . The initial five time points from each image volume were removed from analyses to allow for the brain magnetization to stabilize. EPI time series data were corrected for cardiac and respiratory parameters (program 3dretroicor). Time series data were spatially coregistered (program 3dvolreg) to correct for small head motion using a three-dimensional Fourier transform interpolation. Each run was then normalized based on the mean intensity of the signal. Individual analysis was performed by generating the hemodynamic response function model for each condition based on the convolution of the time points beginning with the fixation stimulus that began each trial, using a gamma function (Cox, 1996) . For each subject, maps of brain activity for the seven trial types of interest (Intact, Recombined, NoOld, NewOld, OldNew, NoNew, NewNew) , which were modeled as unique events (cue phase plus target phase), were generated by fitting a general linear model to the measured fMRI time series at each voxel (program 3dDeconvolve). Only correct trials were included in the analyses.
An additional model was estimated using a regression analysis to test for brain areas that correlated with response times (RTs) in different conditions. The model was the same as that described above, except that an additional condition-specific regressor was added. This regressor consisted of the RT for each trial converted to a Z score based on the mean RT per condition for each subject. Before group analysis, the activation maps for each participant and each condition were spatially normalized to an averagevolumeof152normalskull-strippedbrains(www.bic.mni.mcgill. ca) matching a Talairach template (Talairach and Tournoux, 1988) . Datasets were then resampled with a 2 ϫ 2 ϫ 2 voxel dimension (program @auto_tlrc) and spatially smoothed with an 8 mm, full-width, half-maximum Gaussian kernel (program 3dmerge). Group level analysis was performed with repeated-measures ANOVA and post hoc twotailed t statistics to examine the relevant contrasts.
Unless otherwise specified, individual contrasts were assessed using an uncorrected threshold of p Ͻ 0.001, with a cluster extent of Ͼ15 contiguous voxels. For analyses investigating regional overlap across different contrasts, a region was considered reliable at a conjoint significance of p Ͻ 0.001 (see below), according to Fisher's method of estimating the conjoint significance of independent tests (Fisher, 1950; Lazar et al., 2002) . Exclusive masking was used to identify voxels for which effects were not shared between two contrasts. The individual contrasts used as exclusive masks were thresholded at p Ͻ 0.15. Note that the more liberal the threshold of an exclusive mask, the more conservative the masking procedure.
When we held an a priori hypothesis about the localization of a predicted effect, we corrected for multiple comparisons using a smallvolume correction (Kuhl et al., 2007; Uncapher and Rugg, 2009) . Because retrieval success effects were expected to involve both DPC and VPC , parietal regions involved in retrieval success were smallvolume corrected using an anatomical mask of left PPC [i.e., Brodmann areas (BAs) 7, 19, 39, and 40] . For DPC regions involved in topdown AtoM, we created a region of interest (ROI) centered on the median coordinates of activations related to top-down AtoM effects from a previous review (x ϭ Ϫ36, y ϭ Ϫ57, z ϭ 42) , with radius of 15 mm. Analogously, for VPC regions involved in bottom-up AtoM, we created an ROI centered on the median coordinates of activations related to bottom-up AtoM effects (high memory confidence) from a previous review (x ϭ Ϫ48, y ϭ Ϫ63, z ϭ 25) , with radius of 15 mm. With the voxelwise threshold p Ͻ 0.001, the mapwise false positive rate for all reported PPC regions, estimated using a Monte Carlo procedure (as implemented in the AlphaSim program in the AFNI software package), was p Ͻ 0.05.
Three sets of analyses were performed to investigate retrieval success effects, effects related to top-down AtoM, and effects related to bottom-up AtoM. All our analyses involved whole trials (i.e., cue phase plus target phase).
Overall retrieval success. To begin, we sought to replicate previous results regarding the brain regions mediating retrieval success, i.e., correct recognition of studied items versus correct rejection of unstudied items. We compared brain activity related to hits (collapsed across the Intact, Recombined, NoOld, and NewOld conditions) with that related to correct rejections (collapsed across the OldNew, NoNew, and NewNew conditions).
Top-down AtoM. To identify the brain regions associated with top-down AtoM, which would be reflected in cue-related activity, we compared activity across trials that differed in the cue phase. Thus, we compared conditions in which subjects were cued by an old word (i.e., Intact, Recombined, and OldNew conditions) and therefore could search for/anticipate the upcoming target with conditions in which they were not cued or cued by a new word (NoOld, NewOld, NoNew, NewNew conditions). We performed a conjunction analysis looking for regions that were active in the contrasts (Intact Ϫ NoOld) AND (Recombined Ϫ NoOld) AND (OldNew Ϫ NoNew) while excluding those active in the contrasts (Ne-wOld Ϫ NoOld) AND (NewNew Ϫ NoNew). The individual contrasts used as inclusive masks were thresholded at p Ͻ 0.01. Because two of the inclusive masks were linearly independent, the conjoint probability associated with the conjunction can be estimated at p Ͻ 0.001 (Fisher, 1950; Lazar et al., 2002) .
By requiring top-down AtoM regions to be simultaneously active in the contrasts (Intact Ϫ NoOld), (Recombined Ϫ NoOld), and (OldNew Ϫ NoNew), we ensured that activity was related to search processes triggered Figure 1. Schematic representation of the experimental paradigm. A, Participants studied word pair, and then underwent a cued recognition memory task (scanned). A cue stimulus was presented followed by a delay period, and then a target word appeared and participants decided whether the target word had been studied or not. B, There were seven types of test trials, determined by the nature of the cue and the target. The cue stimulus could be a studied word, a new word, or a meaningless stimulus (i.e., @@@). Target words could be studied or new. In Intact trials, the cue was a studied word and the target was the word that was paired with it at study. In Recombined (Recomb) trials, both the cue and the target were studied words but belonged to different study pairs. In OldNew trials, the cue was a studied word and the target was a new word. In NewOld trials, the cue was a new word and the target was a studied word. In NewNew trials, the cue was a new word and the target was a new word. In NoOld trials, the cue was a meaningless stimulus and the target was a studied word. In NoNew trials, the cue was a meaningless stimulus and the target was a new word. Top-down AtoM was engaged when the cue was a studied word, and therefore individuals searched for/anticipated the upcoming memory target (Intact, Recombined, OldNew conditions). Bottom-up AtoM was engaged when participants detected memory targets in the absence of cues (i.e., Memory Detection; NoOld condition) and when participants detected memory targets that were invalidly cued (i.e., Reorienting to Memory; Recombined condition). See Materials and Methods for a more detailed explanation of procedures.
by relevant memory cues present across the three contrasts and not by effects related to a specific contrast, such as context reinstatement (e.g., Intact Ϫ NoOld) or violation of mnemonic expectations (e.g., Recombined Ϫ NoOld). On the other hand, by excluding activity associated with new cues, we ensured that the cue-related activation was not merely related to the evaluation of word versus nonword stimuli.
Bottom-up AtoM. To identify the brain regions associated with bottom-up AtoM, which would be seen in target-related activity, we compared activity across trials that differed in the target phase. In perception, regions associated with bottom-up attention have the following two properties: 1) they are active during target detection (as opposed to cue presentation), and 2) they respond more strongly to targets that were invalidly compared with validly cued (Corbetta et al., 2000) . Thus, to reveal the brain regions associated with bottom-up AtoM, we performed two sets of analyses, the first looking for regions that were related to detection of memory targets when no cue was provided (i.e., Memory Detection), the second looking for regions related to Memory Detection that responded more strongly to unexpected than to expected memory targets (i.e., Reorienting to Memory).
Memory detection. To reveal the brain regions responsive to detection of memory targets, we focused on trials in which no cue was provided and compared trials in which the target was present (NoOld condition) with those in which it was not (NoNew condition).
Reorienting to Memory. To reveal the brain regions mediating detection of unexpected memory targets, we looked for brain regions related to Memory Detection that exhibited more activity for memories that were invalidly cued, i.e., cued by a word that was studied in association with a different word (Recombined condition), compared with memories that were validly cued, i.e., cued by their original associate (Intact condition). Thus, we performed a conjunction analysis looking for regions that were active in the contrasts (NoOld Ϫ NoNew) AND (Recombined Ϫ Intact). The (NoOld Ϫ NoNew) contrast was thresholded at p Ͻ 0.002, and the (Recombined Ϫ Intact) contrast was thresholded at p Ͻ 0.05, resulting in a conjoint probability of p Ͻ 0.001 (Fisher, 1950; Lazar et al., 2002) .
However, because in the Recombined condition subjects viewed words that belonged to two studied pairs (as opposed to just one in the Intact condition), in this condition they could potentially recall two studied pairs as opposed to one. As a result, the (Recombined Ϫ Intact) contrast, designed to index detection of memory targets that violate mnemonic expectations, might also index the amount of information retrieved. To avoid this potential confound, we exclusively masked the conjunction of (NoOld Ϫ NoNew) AND (Recombined Ϫ Intact) contrasts with the contrast (Recombined Ϫ OldNew). Because both the Recombined and the OldNew condition entail violation of mnemonic expectations, but only the Recombined condition offers the possibility to recall two studied pairs, the (Recombined Ϫ OldNew) contrast contains voxels associated with expectation violation that were also sensitive to the amount of information retrieved. By excluding those voxels from our conjunction, we ensured that regions associated with Reorienting to Memory indexed detection of unexpected memory targets and not the additional retrieval possibly associated with consideration of these events.
In addition to AFNI-based contrasts, follow-up ROI analyses were performed for certain significant clusters in the group contrast analyses. From each subject and ROI, the mean percentage signal change across all significant voxels was extracted for each of the seven conditions. These values were entered into repeated-measures ANOVAs and used to perform correlations between brain activity and relevant behavioral indices.
Neuropsychological study
To provide converging evidence in support of the AtoM hypothesis, we tested patients with lesions centered on the VPC or the DPC using the same paradigm used in the fMRI study. Previous reviews of recognition memory studies have shown that, although activity related to top-down and bottom-up AtoM was more consistent in the left PPC, it was also present in the right PPC . For this reason, for comparison purposes both left-and right-lesioned patients were included in the study.
Participants. Eight individuals with damage in PPC and eight agematched healthy individuals participated in the study. Seven patients were recruited at Baycrest Hospital, Toronto, Canada, and one patient was recruited at the Center for Studies and Research in Cognitive Neuroscience, Cesena, Italy (supplemental Table 1s , available at www. jneurosci.org as supplemental material). Patients were selected on the basis of the location of their lesion evident on MRI or computed tomography (CT) scans. Included patients had a lesion in PPC, which in no case had invaded the medial or limbic region, and no other diagnosis likely to affect cognition or interfere with the participation in the study (e.g., psychiatric or cerebrovascular disease, alcohol abuse). All patients were in the stable phase of recovery (at least 12 months postmorbid).
The area of damage was determined by visual inspection on axial view by a radiologist. For a lesion to be traced, it had to appear in more than one slice with a diameter of at least 3 mm on one of the slices. The boundary of the lesion was traced from MRI or CT images on a standardized brain using the software MRIcro (Rorden and Brett, 2000) . Figure 2 shows the extent of damage for each patient. Patients were divided into two groups depending on the location of brain damage within PPC. A group of patients had lesions centered in VPC that did not extend to the DPC (VPC patients; N ϭ 4). Two patients had left lesions, and two patients had right lesions. VPC patients had a mean age of 62 years (range 47-74) and a mean education of 12 years (range 8 -14). The other group of patients had lesions in DPC (DPC patients; N ϭ 4). Three patients had left lesions, and one patient had right lesions. In one case (patient 1051), the lesion extended into the VPC. We decided to include this patient in the DPC group, because a lesion in DPC was expected to cause deficits in top-down AtoM regardless of the status of VPC. We report on the performance of patient 1051 separately in Results. DPC patients had a mean age of 58 years (range 47-75) and a mean education of 15 years (range 12-17). Each patient was matched to a healthy individual on the basis of age and education. Healthy controls had a mean age of 60 years (range 47-75) and a mean education of 13 years (range 10 -17).
Neuropsychological assessment. Patients underwent a neuropsychological battery assessing general cognitive functioning, vocabulary, hemispatial neglect, executive function, long-term memory, and working memory (supplemental material, available at www.jneurosci.org). Overall, patients were within the normal range on general cognitive functioning and vocabulary. Patients did not show symptoms of spatial neglect. A few patients, two from the DPC group (patients 1051 and AS) and one from the VPC group (patient 1022), were impaired on the executive measures. They showed increased response times in part B of the Trail Making Test compared with healthy controls. Patient 1022 was also impaired on the Wisconsin Card Sorting Test. On the verbal memory tasks, overall the patients scored below average, although only two patients, one from the DPC group and one from the VPC group, showed pathological scores. Working memory was intact in all the patients except for 1022 (for individual results, supplemental Table 2s , available at www. jneurosci.org as supplemental material).
Stimuli and procedure. The materials and the experimental paradigm were the same as in the fMRI study, with one exception. In the test phase, the cue stimulus was presented for 1 s and, after a 1 s delay, the target word appeared for 1 s. The ITI was 1500 ms. This paradigm made it easier for patients to distinguish the cue and the target and allowed them more time to evaluate the target. A pilot study using this paradigm yielded results similar to those obtained in the fMRI study. To reduce fatigue, patients completed a limited number of runs, ranging from 4 to 6. There was no significant difference in the number of runs completed by VPC and DPC patients (5.25 vs 5; p ϭ 0.50). Each normal control completed the same number of runs as the patient with whom she or he was paired. English words were replaced by Italian words of comparable frequency (Barca et al., 2002) for testing Italian patient S.M.
Results
fMRI study
Behavioral results Figure 3 shows accuracy and RTs for memory decisions on old and new words across conditions. An ANOVA on the proportion of hits with condition (Intact, Recombined, NewOld, NoOld) as a within-subject factor yielded a significant effect of condition [F (3,39) ϭ 6.61; p Ͻ 0.001]. Post hoc comparisons, performed with the Scheffé test, indicated that hits were more frequent in the Intact compared with the Recombined condition ( p Ͻ 0.05), the NewOld condition ( p Ͻ 0.01), and, marginally, the NoOld condition ( p ϭ 0.06). No significant difference emerged among the Recombined, NewOld, and NoOld conditions ( p Ͼ 0.16 in all cases). The same ANOVA conducted on RTs yielded a significant effect of condition [F (3,39) ϭ 24.11; p Ͻ 0.0005]: hits were faster in the Intact compared with all the other conditions ( p Ͻ 0.005 in all cases), but there were no significant differences among the Recombined, NewOld, and NoOld conditions ( p Ͼ 0.08 in all cases).
The ANOVA on the proportion of correct rejections with condition (OldNew, NewNew, NoNew) as a within-subject factor yielded a significant effect of condition [F (2,26) ϭ 3.84; p Ͻ 0.05]. Post hoc comparisons indicated that correct rejections were more frequent in the OldNew compared with the NoNew condition ( p Ͻ 0.05), but not significantly different between the OldNew and the NewNew conditions ( p ϭ 0.56). The same ANOVA conducted on RTs yielded a significant effect of condition [F (2,26) ϭ 3.37; p Ͻ 0.05]: correct rejections were faster in the OldNew compared with the NoNew condition ( p Ͻ 0.05), but not different between the OldNew and the NewNew conditions ( p ϭ 0.41).
Consistent with our predictions, subjects were faster and more accurate at recognizing old words in the Intact compared with the NoOld, NewOld, and Recombined condition. Subjects were also faster and more accurate at rejecting new words in the OldNew compared with the NoNew condition, suggesting an effect of memory cueing on correct rejections. As much as a match between mnemonic expectations and a memory probe helped classify that probe as "old" (Intact condition), a mismatch between mnemonic expectations and a probe might have favored a "new" response (OldNew condition). Such effect, however, was less consistent than that on hits, as we failed to find a difference between the OldNew and the NewNew condition. Overall, the results indicate that participants developed mnemonic expectations during the cue period, which facilitated subsequent recognition decisions.
Overall retrieval success Table 1 shows brain regions that exhibited more activity for hits (collapsed across the Intact, Recombined, NoOld, NewOld con-ditions) than for correct rejections (collapsed across the OldNew, NoNew, NewNew conditions). In line with previous findings, retrieval success was related to activation in left inferior parietal cortex, left precuneus, and posterior cingulate cortex, as well as in the left middle frontal gyrus, including both dorsolateral and orbitofrontal regions, and the left parahippocampal gyrus (Konishi et al., 2000; McDermott et al., 2000; Wheeler and Buckner, 2003) . Consistent with previous reviews , activity in PPC related to retrieval success involved both a left DPC cluster centered on the precuneus and extending to the intraparietal region and a left VPC cluster centered in the supramarginal gyrus.
Top-down AtoM
The conjunction analysis to identify regions simultaneously active in the contrasts (Intact Ϫ NoOld) AND (Recombined Ϫ NoOld) AND (OldNew Ϫ NoNew), while excluding those active in the contrasts (NewOld Ϫ NoOld) AND (NewNew Ϫ NoNew), revealed brain regions associated with top-down AtoM. These are reported in Table 2 .
In line with our predictions, these regions included a left DPC region centered in the anterior intraparietal sulcus (IPS; x ϭ Ϫ34, y ϭ Ϫ56, z ϭ 42) (Fig. 4) . The IPS site related to top-down AtoM in the present study overlapped strikingly with the center of mass of activations related to top-down AtoM (x ϭ Ϫ36, y ϭ Ϫ57, z ϭ 42) . In addition to the DPC, activity related to top-down AtoM was found in dorsolateral prefrontal cortex (DLPFC; BA 46/9), ventrolateral prefrontal cortex (VLPFC; BA 47), and premotor cortex (BA 6).
Activity in regions implicated in top-down AtoM was expected to predict the degree to which individuals were facilitated in target detection in the Intact condition, i.e., when memory was (validly) cued, compared with the NoOld condition, i.e., when The t value reported for peak regions in a conjunction analysis is the minimum t value among the contrasts used as inclusive masks. memory was not cued. To test this hypothesis, we ran a Pearson correlation analysis between the difference in percentage signal change between the Intact and the NoOld conditions and the magnitude of the cueing effect on accuracy and on RTs. An index of relative increase in recognition accuracy in the Intact compared with the NoOld condition was computed as (Accuracy Intact Ϫ Accuracy NoOld )/Accuracy NoOld . Analogously, an index of relative decrease in RTs in the Intact compared with the NoOld condition was computed as (RT NoOld Ϫ RT Intact )/RT-NoOld . We found that the cueing effect on RTs correlated significantly with activity in DPC (r ϭ 0.63, p Ͻ 0.05) ( Fig. 5 ) and VLPFC (r ϭ 0.54, p Ͻ 0.05): The more subjects activated these regions upon presentation of a relevant memory cue, the faster they were in detecting the upcoming memory target.
Bottom-up AtoM
Memory detection. Table 3 shows brain regions that responded more strongly to memory targets than to new items when no cue was provided (NoOld Ϫ NoNew). In line with the predictions, Memory Detection was associated with activity in a left VPC region, at the border between the angular gyrus (AnG) and the middle temporal gyrus (MTG) (VPC AnG/MTG ; x ϭ Ϫ40, y ϭ Ϫ66, z ϭ 24) (Fig. 4) . In addition to VPC, the contrast revealed activity in premotor cortex (BA 6), DLPFC (BA 9), and lateral anterior prefrontal cortex (BA 10/46).
Activity in regions implicated in bottom-up Memory Detection was expected to predict subjects' speed and ability to recognize targets for memory. To test this hypothesis, we ran a Pearson correlation analysis between percentage signal change and hit rates in the NoOld condition. Moreover, by using a simple regression analysis, we looked for regions whose activity correlated with RTs in the NoOld condition. We found that hit rates correlated significantly with brain activity in VPC AnG/MTG (r ϭ 0.56, p Ͻ 0.05) (Fig. 6 ). Moreover, activity in a region overlapping with VPC AnG/MTG (peak: x ϭ Ϫ36, y ϭ Ϫ66, z ϭ 24) correlated negatively with RTs in the NoOld condition ( p Ͻ 0.05, uncorrected). Thus, when no cue was provided, the more subjects activated the left VPC upon presentation of memory targets, the more efficient and faster was target detection, consistent with the hypothesis that VPC mediates the capture of bottom-up attention by memory contents. In contrast, activity in a cluster overlapping with our DLPFC region (peak: x ϭ Ϫ46, y ϭ 8, z ϭ 26) correlated positively with RTs in the NoOld condition ( p Ͻ 0.05, uncorrected), suggesting that this region was not related to bottom-up AtoM but rather to detection of memory targets that were difficult to identify.
Reorienting to memory. The conjunction analysis to identify regions active in the contrasts (Recombined Ϫ Intact) AND (NoOld Ϫ NoNew), while excluding those active in the contrast (Recombined Ϫ OldNew), unveiled a left VPC region in the angular gyrus (VPC AnG ; x ϭ Ϫ34, y ϭ Ϫ66, z ϭ 26) associated with detection of targets that were invalidly compared with validly cued (Table 3 ; Fig. 4 ). An ANOVA [F (3, 39) The t value reported for peak regions in a conjunction analysis is the minimum t value among the contrasts used as inclusive masks.
increased when mnemonic expectations were violated (Recombined condition) relative to when mnemonic expectations were met (Intact condition) or not formed at all (NoOld and NewOld conditions), consistent with the hypothesis that this region may mediate reorienting of attention to unexpected memory targets. In contrast, activity in VPC AnG did not discriminate between the Intact and the NewOld conditions ( p ϭ 0.57) despite the significantly higher hit rates in the former compared with the latter, further suggesting that this region is not sensitive to the amount of retrieved information.
Activity in regions associated with detection of unexpected targets was postulated to predict subjects' ability to recognize memory targets that were invalidly cued. We found no significant correlation, however, between percentage signal change in VPC AnG and hit rates (r ϭ Ϫ0.19) or RTs (r ϭ Ϫ0.18) in the Recombined condition ( p Ͼ 0.49 in both cases). Let us consider possible reasons for the absence of the predicted relation. One possibility is that activity associated with reorienting to unexpected memory targets reflected a sum of signals indexing breaches of expectations and reflexive shifts of attention to unexpected targets (Shulman et al., 2009) . While activity related to each signal in isolation may be related to behavior, averaging brain activity across the whole trial could have weakened our ability to detect relations between brain and behavior. Another possibility is that VPC mediates a transient switch signal promoting reorienting of attention to unexpected targets, but the actual shift of attention is performed by a dorsal frontoparietal network (Corbetta et al., 2008 , Shulman et al., 2009 . In this case, performance in the Recombined condition may be related to the ability of the VPC signal to recruit the dorsal frontoparietal network or to the sustained activity of this network, rather than to the magnitude of the VPC signal per se. Interestingly, activity in DPC correlated positively, although not significantly, with hit rates in the Recombined condition (r ϭ 0.45; p ϭ 0.10). Studies investigating the functional connectivity of VPC during detection of unexpected targets will help to elucidate the whole network involved in shifting attention to unexpected memories and its relation with behavior. In any event, if VPC mediates signals necessary to detect unexpected targets, patients with lesions in VPC should be disproportionately impaired at detecting memory targets in the Recombined condition compared with their basic recognition performance. We test this prediction in the neuropsychological study.
Summary of functional dissociations between top-down and bottom-up AtoM regions
To confirm further the functional dissociations among DPC and VPC regions, we compared activity in these regions across four relevant conditions (Fig. 7) . We ran an ANOVA on percentage signal change with ROI (DPC, VPC AnG/MTG , VPC AnG ) and condition (Intact, Recombined, NoOld, NoNew) as factors. The results revealed a significant effect of ROI [F (2, 26) ϭ 3.80, p Ͻ 0.05], condition [F (3,39) ϭ 16.96, p Ͻ 0.000005], and ROI ϫ condition interaction [F (6,78) ϭ 4.97, p Ͻ 0.0005]. Post hoc comparisons showed that activity in DPC distinguished cued versus noncued memory targets (Intact vs NoOld condition; t (13) ϭ 3.32, p Ͻ 0.01) but not memory targets versus nontargets (NoOld vs NoNew condition; p ϭ 0.23) or unexpected versus expected targets (Recombined vs Intact condition; p ϭ 0.82). By contrast, VPC AnG/MTG distinguished memory targets versus nontargets (t (13) ϭ 5.73, p Ͻ 0.001) but not cued versus noncued targets ( p ϭ 0.94) or unexpected versus expected targets ( p ϭ 0.16). Finally, VPC AnG distinguished memory targets versus nontargets (t (13) ϭ 4.53; p Ͻ 0.001) and responded more strongly to unexpected versus expected targets (t (13) ϭ 2.94; p Ͻ 0.05) but did not distinguish cued from noncued targets ( p ϭ 0.57).
Additionally, we followed up on correlation analyses relating brain activity with behavioral performance and investigated the selectivity of DPC and VPC regions in predicting behavioral effects related to top-down and bottom-up AtoM, respectively (supplemental Table 3s , available at www.jneurosci.org as supplemental material). Whereas activity in DPC correlated with the effect of memory cueing on RTs (Fig. 5) , activity in VPC regions was not related to the effect of memory cueing on either RTs (for VPC AnG/MTG : r ϭ 0.13, p ϭ 0.65; for VPC AnG : r ϭ Ϫ0.20, p ϭ 0.50) or recognition accuracy (for VPC AnG/MTG : r ϭ 0.07, p ϭ 0.79; for VPC AnG : r ϭ Ϫ0.09, p ϭ 0.74). On the other hand, whereas activity in VPC AnG/MTG correlated with hit rates in the NoOld condition (Fig. 6) , activity in DPC did not correlate with hit rates (r ϭ 0.09; p ϭ 0.75) or RTs (r ϭ Ϫ0.13; p ϭ 0.64) in the NoOld condition. Neither VPC nor DPC activity correlated significantly with recognition performance in the Recombined condition, although DPC activity tended to increase with increasing hit rates (r ϭ 0.45; p ϭ 0.10).
Together, these analyses confirm that activity in VPC was mainly associated with bottom-up AtoM effects, whereas activity in DPC was mainly associated with top-down AtoM effects.
Spatial overlap between retrieval success and AtoM regions
We investigated formally whether DPC and VPC regions related to top-down AtoM and bottom-up AtoM are subsets of those regions exhibiting retrieval success effects or rather belong to partially distinct neural systems. To assess the spatial overlap between retrieval success and top-down AtoM regions, we ran a conjunction analysis between the Overall retrieval success map and the top-down AtoM map as obtained in the previous sections, i.e., with a level of significance of p Ͻ 0.001 for both the Overall retrieval success map and the top-down AtoM map. There was no overlap between the two maps. A region of overlap was detected when the level of significance of both maps was lowered to p Ͻ 0.005, which was located between the IPS and the precuneus (peak: x ϭ Ϫ30, y ϭ Ϫ64, z ϭ 34). Analogously, we investigated the spatial overlap between retrieval success and bottom-up AtoM regions. First, we ran a conjunction analysis between the Overall retrieval success map and the Memory Detection map as obtained in the previous sections, i.e., with a level of significance of p Ͻ 0.001 for both maps. There was no overlap between the two maps. A region of overlap was detected when the level of significance of both maps was lowered to p Ͻ 0.005, which was located in BA 39 (peak: x ϭ Ϫ42, y ϭ Ϫ66, z ϭ 26). Next, we ran a conjunction analysis between the Overall retrieval success map and the Reorienting to Memory map as obtained in the previous sections, i.e., with a level of significance of p Ͻ 0.001 for both the Overall retrieval success map and the Reorienting to Memory map. There was no overlap between the two maps. A region of overlap was detected when the level of significance of both maps was lowered to p Ͻ 0.005, which was located in BA 39 (peak: x ϭ Ϫ36, y ϭ Ϫ64, z ϭ 28).
These findings suggest that, although there is some overlap between regions associated with retrieval success and AtoM regions, the latter regions are not specialized for retrieval success but rather for providing attentional support to retrieval operations. Their involvement in retrieval success, therefore, is likely not unconditional but critically may depend on the degree to which the memory task poses demands on top-down and bottom-up AtoM. Indeed, retrieval success effects in PPC have been found to move toward DPC as the difficulty of the recognition task increases . If AtoM regions are partially segregated from retrieval success regions, it should be possible to find patients with lesions overlapping with AtoM regions that show deficits in top-down and bottom-up AtoM in the absence of a generalized impairment of recognition memory. We test this prediction in the neuropsychological study.
To summarize, the fMRI study revealed that DPC was activated when participants searched for/anticipated a target based on a relevant cue, and its activity was correlated with the behavioral advantage from memory cueing. In contrast, activation in VPC regions predicted efficacy and speed of target detection when no cue was provided (VPC AnG/MTG ) and was strongest for unexpected memory targets (VPC AnG ). These results support the hypothesis that DPC and VPC mediate topdown and bottom-up AtoM, respectively.
Neuropsychological study
To confirm the conclusions we drew from our neuroimaging data by providing converging evidence, we tested patients with lesions centered on the VPC or the DPC using the same paradigm. Figure 8 shows the overlap between brain lesions in DPC and VPC patients and regions implicated in top-down and bottom-up AtoM detected in the fMRI study, respectively.
If DPC is crucial to support top-down AtoM, then DPC patients should show a reduced benefit from valid memory cueing compared with normal controls. On the other hand, if VPC is crucial to support bottom-up AtoM, then VPC patients should be impaired compared with the controls at detecting memory targets when no cue is provided (NoOld condition). Moreover, if VPC mediates reorienting of attention to unexpected targets, then VPC patients should be disproportionately impaired at detecting memory targets in the Recombined condition compared with their basic recognition performance.
Due to the small sample sizes, performance differences between patients and controls were assessed by means of nonparametric statistics (Mann-Whitney U test). We also report on relevant differences in the behavior of left-and right-lesioned patients. Because there was only one patient with right DPC lesions, behavioral measures for this patient were analyzed using individual modified t tests based on the method of Crawford and Garthwaite (2002) for comparing single cases to small control samples.
Recognition accuracy
Across conditions, recognition accuracy was calculated as hit rates minus false alarm rates. The frequency of false alarms in the OldNew condition served as false alarm rate for both the Intact and the Recombined condition (see supplemental Table 4s , available at www.jneurosci.org as supplemental material, for mean hit rates, correct rejection rates, accuracy, and median RTs by group and condition).
Recognition accuracy was not significantly different between VPC patients and controls across conditions ( p Ͼ 0.12 in all cases). Across conditions, however, RTs to both hits (Mann-Whitney U Ͻ 4; p Ͻ 0.05 in all cases) and correct rejections (Mann-Whitney U Ͻ 5; p Ͻ 0.05 in all cases) were longer in VPC patients than in controls. There was no significant difference be- tween patients with lesions to left versus right VPC, either in memory accuracy or RTs ( p Ͼ 0.12 in all cases). A different pattern of results emerged for DPC patients. Recognition accuracy was significantly impaired, compared with the controls, in the Intact condition (Mann-Whitney U ϭ 4; p Ͻ 0.05) but not in the other conditions ( p Ͼ 0.18 in all cases). Similarly, DPC patients were significantly slower at detecting targets than controls in the Intact condition (Mann-Whitney U ϭ 4; p Ͻ 0.05) but not in the other conditions ( p Ͼ 0.17 in all cases). The same pattern of results emerged when statistical analyses were run excluding patient 1051. There was no significant difference between patients with lesions to left versus right DPC, either in memory accuracy or RTs ( p Ͼ 0.17 in all cases).
These findings indicate that VPC patients were not impaired at distinguishing studied from new items, although they needed more time than the controls to make memory decisions. On the other hand, DPC patients were impaired only in the Intact condition, that is, when normal controls benefited from memory cueing, suggesting that they might have a selective deficit in top-down AtoM.
Top-down AtoM
We then investigated more precisely the extent to which patients and controls benefited from memory cueing by examining performance in the Intact (validly cued) condition relative to basic recognition performance in the NoOld (noncued) condition. For each participant, an index of relative change in recognition accuracy in the Intact compared with the NoOld condition was computed as (Accuracy Intact Ϫ Accuracy NoOld )/Accuracy NoOld . Analogously, an index of relative change in RTs in the Intact compared with the NoOld condition was computed as (RT Intact Ϫ RT NoOld )/RT NoOld .
We found that in the Intact compared with the NoOld condition accuracy increased less (Mann-Whitney U ϭ 2; p Ͻ 0.05), and RTs decreased less (Mann-Whitney U ϭ 1; p Ͻ 0.05) in DPC patients than in controls (Fig. 9) . The reduction in the advantage on recognition accuracy from valid memory cueing compared with the controls was statistically significant for left DPC patients (Mann-Whitney U ϭ 2; p Ͻ 0.05) but only marginally significant for the right DPC patient (t ϭ Ϫ1.39, p ϭ 0.10). The reduction in the advantage on RTs from valid memory cueing compared with the controls was statistically significant for both left DPC patients (Mann-Whitney U ϭ 0; p Ͻ 0.05) and the right DPC patient (t ϭ Ϫ2.45, p Ͻ 0.05). Removing patient 1051 from the analyses did not alter the results. In contrast, VPC patients, both those with left and those with right lesions, benefited from memory cueing to the same extent as did normal controls, both in terms of accuracy and RTs ( p Ͼ 0.43 in all cases). Analogous results were obtained if the index of relative change in performance in the Intact (validly cued) condition was computed relative to the NewOld condition (i.e., the other noncued condition) as opposed to the NoOld condition (supplemental Table 4s and supplemental Results, available at www.jneurosci.org as supplemental material).
These findings indicate that DPC patients did not benefit from valid memory cueing as much as the controls, consistent with the hypothesis that DPC supports top-down AtoM. The neuropsychological evidence suggests that both right and left DPC may be crucial for top-down AtoM, although activation in right DPC was not detected in the fMRI study.
Bottom-up AtoM
We next investigated whether patients and controls were equally able to detect memory contents after invalid memory cueing by examining performance in the Recombined (invalidly cued) condition relative to basic recognition performance in the NoOld (noncued) condition. For each participant, an index of relative change in hit rates in the Recombined compared with the NoOld condition was computed as (Accuracy Recombined Ϫ Accuracy NoOld )/ Accuracy NoOld . Analogously, an index of relative change in RTs in the Recombined compared with the NoOld condition was computed as (RTs Recombined Ϫ RTs NoOld )/RTs NoOld .
The index of relative change in hit rates in the Recombined compared with the NoOld condition was comparable across groups ( p Ͼ 0.22 in all cases). However, RTs increased more in the Recombined compared with the NoOld condition in VPC patients than in controls (Mann-Whitney U ϭ 4; p Ͻ 0.05) (Fig.  10) . VPC patients' deficit in the Recombined condition was driven by patients with left VPC lesions who suffered from invalid memory cueing significantly more than the controls (Mann-Whitney U ϭ 0; p Ͻ 0.05), whereas right VPC patients did not ( p Ͼ 0.29). In contrast, no significant difference emerged between DPC patients, both those with left and right lesions and controls ( p Ͼ 0.25 in both cases). Analogous results were obtained if the index of relative change in performance in the Recombined (invalidly cued) condition was computed relative to the NewOld (i.e., the other noncued condition) or the Intact (i.e., validly cued) condition, as opposed to the NoOld condition (supplemental Table 4s and supplemental Results, available at www. jneurosci.org as supplemental material). However, when the relative change in performance was computed relative to the Intact condition, DPC patients exhibited extremely low reorienting costs in the Recombined condition compared with controls. In these patients, DPC lesions arguably prevented the development of mnemonic expectations and, in turn, the benefit from valid memory cueing in the Intact condition, thus accounting for the absence of reorienting costs after invalid cueing (Recombined condition).
In line with the fMRI results, these findings indicate that patients with lesions in left VPC had problems detecting unexpected memories, consistent with the hypothesis that left VPC supports bottom-up AtoM.
Discussion
Using a novel recognition memory task and combining functional neuroimaging and lesion approaches, we tested the hypothesis that DPC and VPC are related to top-down and bottom-up AtoM, respectively Ciaramelli et al., 2008) . Our results provide converging evidence supporting the AtoM hypothesis, showing that DPC was associated with search for/orienting to memory contents, whereas VPC was associated with detection of memory contents, especially when they were unexpected.
Top-down AtoM
Two findings support a role for the DPC in top-down AtoM. First, a cluster in left DPC, centered on the anterior IPS, was more active when participants searched for/anticipated upcoming memory targets upon presentation of memory cues than when no cue was provided. Importantly, the level of activation of DPC on cued trials predicted participants' advantage in detecting cued versus noncued memory targets. In contrast, DPC activity did not significantly distinguish studied from new words in noncued trials. These functional properties support the hypothesis that, despite not having apparent mnemonic properties, DPC allocates attentional resources to processes that assist memory retrieval, such as memory search (Wagner et al., 2005; Cabeza et al., 2008) . Consistently, effortful memory decisions, which require sustained retrieval attempts, activate DPC more than easy memory decisions , and DPC activity decreases over repeated retrieval attempts (Kuhl et al., 2007) . Moreover, DPC regions support orienting of attention to memories with particular properties (Wheeler et al., 2006) .
The neuroimaging findings were confirmed by neuropsychological evidence. Despite a general preservation of recognition memory, patients with lesions in DPC did not benefit from memory cueing as did patients with lesions limited to the VPC and normal controls. The selective deficit in memory cueing in DPC patients, in the face of generally preserved recognition memory, is consistent with the hypothesis that patients could not initiate an efficient memory search upon presentation of relevant cues because of impaired top-down AtoM. Of course, reduced memory cueing in DPC patients might also be explained with a pure recollection deficit. If patients successfully initiated a memory search but failed at recalling the paired associate of relevant cues, memory cueing would not occur. If DPC simply mediated recollection, however, one might expect activity in this region to be larger for studied than for new words. Our finding from the fMRI study that DPC activity was not significantly different in the NoOld compared with the NoNew condition is more consistent mnemonic accumulator hypothesis would not predict special sensitivity to unexpected targets.
According to the output buffer hypothesis Rugg, 2007, 2008) , VPC helps hold retrieved contents in an episodic buffer. This hypothesis leads to the prediction of stronger activity when a large amount of information is revived in the buffer. Our finding that activity in VPC increased when mnemonic expectations were violated, while not merely tracking the amount of retrieved information, is more consistent with an attentional account of VPC activity.
Finally, PPC may index the magnitude of the subjective episodic experience occurring at recognition . This hypothesis does not make differential predictions for DPC and VPC and thus cannot fully explain our data. However, assessing subjective correlates of retrieval may help elucidate the role of PPC in episodic memory.
One criticism of the AtoM hypothesis involves the distribution of activation in episodic retrieval and attention studies (for discussion, Hutchinson et al., 2009) . The IPS sites involved in top-down AtoM are slightly lateral to those implicated in attentional cueing. As for bottom-up AtoM, whereas detection of memory targets is associated with left VPC activity, target detection in "Posner" perceptual-attentional paradigms is, with a few exceptions (Kincade et al., 2005; Indovina and Macaluso, 2007) , lateralized to the right hemisphere (Corbetta et al., 2000) . It is very likely that PPC sites supporting top-down and bottom-up attention depend, at least in part, on the type of predictive cue (Nobre, 2004; Cristescu et al., 2006) and on whether attention is directed externally or internally (Corbetta et al., 2008; Uncapher and Wagner, 2009) . For example, studies investigating the ability to orient attention to semantic categories (Cristescu et al., 2006) found activity in left IPS regions close to ours. Further research will be needed to clarify the role of the domain (e.g., perception, memory, action) to which attention is applied in determining the organization and lateralization of different regions of parietal cortex.
In summary, we report, in a single study, neuroimaging and lesion evidence consistent with the AtoM hypothesis: DPC is necessary to search for relevant memories, whereas VPC is necessary to detect memory contents rapidly, especially when they compete with pre-existing goals.
